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Introduction

29
The Great London Smog of 1952 provided unequivocal evidence that air pollution 30 contributes to respiratory morbidity and mortality (1) . Despite governmental initiatives, 31 pollution still impacts on health particularly in people with chronic airflow limitation (2).
32
Mechanistic studies have shown numerous direct and indirect routes by which oxides of 33 nitrogen (NOx), ozone (O3) and particulate matter (for example PM10) can contribute to 34 pulmonary inflammation and pathology. These include increasing susceptibility and severity 35 of infection -of major importance given that infections trigger many exacerbations of 36 airway diseases (3) (4) -but also other mechanisms unrelated to infection (5) (6).
37
Epidemiological time-series studies of exacerbations of airways diseases (defined by 38 healthcare presentations or mortality) compared to ambient concentrations of pollutants 39 over the preceding days have reported heterogeneous findings (7) (8) (9) that could in part 40 be explained by heterogeneity in the etiological origin of exacerbations but this has not 41 been previously investigated. In this study, using our well phenotyped COPD cohort followed over 20 years, we have for bronchodilator spirometry to ensure they met the criteria for COPD as defined at study All statistical tests were two-sided, and p<0.05 considered significant. The 440 COPD patients studied had moderate to very severe COPD ( We performed a sensitivity analysis using only HCU events (Table 3) . When we examined 211 the effect of ambient pollutants measured at the North Kensington site on HCU events with 212 specific characteristics, `viral-type' HCU events were as previously significantly more likely 213 after higher ambient NOx at 2-4 days lag. Additionally 'bacterial-type' HCU events were 214 more likely after higher ambient PM10 at the same lag.
215
In the confirmatory analysis using pollutant concentrations as measured at the Bloomsbury 216 site ( To better characterize this association between ambient NOx and viral-exacerbations at 2-4 224 days lag and to establish whether the increased risk for exacerbations strengthened and 225 then declined over this interval in the manner expected for a biological association, we next 226 examined the association in daily lag time-series model (Figures 2A, E1 ). The association 227 was significant at a lag of 3 days with increasing odds ratios over the 2 preceding days and 228 decreasing odd ratios over the following 2 days. We also examined the effect of preceding The types of road vehicles have changed over the 20 years studied with resulting changes in 248 traffic related air pollution. In an exploratory analysis, we repeated the distributed interval 249 analysis separately for the earlier years of the cohort study and later years (Table E5 ). The 
Characteristics of high pollution-associated exacerbations
258
To better appreciate the impact of ambient pollution, we further examined in exploratory 259 analyses the characteristics of `viral-type' exacerbations and HCU events 3 days following 260 above or below median ambient NOx.
261
Gender and smoking status have been suggested to affect susceptibility to pollution and we 262 therefore studied whether disproportioniate numbers of viral-type exacerbations 3 days 263 after high versus low ambient NOx occurred in men compared to women, or in smokers 264 compared to non-smokers (21) (22). Whilst smoking status had no effect on distribution of 
272
'Viral-type' HCU events 3 days after higher than median NOx were also significantly more 
PM2
.5), but we were restricted to pollutants measured continuously over the entire 20 year 395 period.
396
We used symptoms to define viral or bacterial-induced exacerbations and thus we will have and NOx remains significant (Table E7) . 
